Supplementary Information
Regulation of hsolAC by bicarbonate The effects of bicarbonate on mammalian solAC's have been shown to be two-fold: firstly, it relieves substrate inhibition and secondly it increases V max . The latter effect could be achieved by either altering the effective concentration of protein in a productive catalytic state [E 0 ] or by altering the rate constant (k cat ). The rate limiting step for the conversion of ATP to cAMP by hsolAC has not yet been determined, but in tmAC's is reported to be product release. [32] Substrate inhibition of hsolAC at high ATP concentrations suggest that product release might be rate limiting, since it would lead to a build-up of enzyme-product complex [E-P] and a concomitant decrease in catalytically competent enzyme concentration [E 0 ]. It is possible that the effect of HCO 3 -on hsolAC catalysis might be exerted by expediting the release of product, leading to an increase in [E 0 ] and an associated increase in V max (V max =k cat [E 0 ] ). This might also explain the relief of substrate inhibition at high concentrations. The crystal structure of bicarbonate bound hsolAC suggests that Arg176 (and Lys95) plays a key role in the activation of the enzyme, however in the absence of the ternary complex structure (AMPCPP/Ca 2+/ HCO 3 -), the substantial movements of the loops around the active site upon ligand binding and difference in sequences across species it would be hard to speculate what other residues are likely to be involved. Work on the cyanobacterial Anabaena sp. PCC7120 showed that Lys646 (Lys95 in hsolAC) coordinated the bicarbonate ion and proposed the involvement of a conserved threonine residue (Thr721) in bicarbonate responsiveness. [20] Our structures however show that the corresponding threonine residue (Thr405) is only present in C2 and is located in the nucleotide binding site as opposed to the allosteric bicarbonate site.
Comparison between in hsolAC and S. platensis
The structure of hsolAC was compared with the previously solved structure of Spirulina platensis adenylate cyclase (PDB code 1wc1) [17] using Comparer [33] and MNYFIT. [34] In order to minimise differences due to large domain movements, the comparison was done for the two individual domains, the first domain pair having an rmsd of 1.2Å (116 out of 181 residues being designated as equivalent), and the second domain pair having an rmsd of 1.4Å (127 out of 179 residues). Significant differences were reported in the binding of AMPCPP ( , -Me-ATP) and Rp-ATP S to S. platensis solAC [17] resulting and productive and non-productive binding modes. For the purpose of comparing the interactions between the protein and the nucleotide, we looked at the binding of AMPCPP to both enzymes and observed that the nucleotides overlap relatively well, though the position of the and Phosphates are different. Main differences are the positioning of the catalytic NxxxR groups (Asn412 and Arg416 in hsolAC and Asn1146 and Arg1150 in the bacterial enzyme), which appear better engaged in the hsolAC structure. The Asn side chains are in very similar position, but twisted such that in hsolAC the N interacts with an oxygen from the Phosphate, while the O interacts with the base. In the S. platensis complex structure, Asn1146 only appears to form water mediated interactions to the nucleotide. The Arg side chains display different orientations starting at the C position at an angle of about 80 o . The S. platensis structure does not appear to directly interact with the nucleotide, but forms water mediated H-bonds, whilst the guanidino group of Arg416 in hsolAC structure H-bonds to the Phosphate.
Fragment screen
A library of~ 1600 fragments was screened by thermal shift. Fragments giving a Tm of ≥ 0.5°C were classed as hits; overall, thermal shift identified 31 hits corresponding to a ~ 2% hit rate. A subset of the fragment library (441 fragments) was also screened using the bioassay, of which 21 fragments gave >40% enzyme inhibition at 1mM and were classed as hits, equivalent to a ~ 5% hit rate. Thermal shift identified 11 hits within the same 441 fragment subset. Within this subset, 6 hits were unique to thermal shift, 16 hits were unique to bioassay and 5 hits were observed by both methods. Informatively, the 5 hits detected in both thermal shift and bioassay screens were successfully visualised by X-ray. Overall, 46 hits from the thermal shift and bioassay screen were progressed into X-ray soaks and 12 fragments were observed binding within the enzyme active site. 
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